Abstract-Directional responses to visual stimuli were analysed with the aid of a minimal computational model. The model is based upon arrays of motion sensors whose receptive fields are modified versions of those (difference-of-Gaussians) used to describe mechanisms in popular spatial vision models. In the model antagonistic influences on each motion sensor were assumed to: (1) arise from spatially non-aligned areas of the retina; and (2) to follow different time courses. Implications of the model were explored with simulations, and parallel psychophysical data were collected. Visual behaviours chosen for relatively detailed analysis were judgments of the temporal order of onset of two spatially displaced stimuli and motion aftereffects generated with discontinuously moving, sine-wave gratings.
INTRODUCTION
The perception of motion which results from the discontinuous displacement of a stimulus, i.e. from a stimulus moving in discrete spatial steps, is called 'apparent or stroboscopic motion'. If the spatial steps are small and the time between steps is short, the stimulus sequence produces a motion percept which cannot be discriminated from that produced by real (continuous) motion. In at least one modern theory of motion perception, the percept elicited by both types of stimuli is presumed to be mediated by the same underlying process, the so-called 'short-range process' (Anstis, 1978; Braddick, 1974) .
In this paper we present the outline of a minimal computational model of the short-range process. The model has arrays of Barlow-and-Levick type, directionally selective sensors as its basic feature (Barlow and Levick, 1965) . Simulations of the behaviour of the directional sensors to motion sequences are compared to psychophysical responses of human subjects to the same sequences. In one experiment the sequence consisted of two horizontally separated stimuli (light-emitting diodes, LEDs) that were intensified sequentially. The task of the subject was to report whether the left or right diode was intensified first, i.e. to make a temporal order judgment. In a second experiment we measured the duration of motion aftereffects (MAEs) produced by sine-wave gratings which were moved discontinously across the visual field. In simulating some aspects of the visual system's response to discontinuously moving stimuli, our goal was simply to illustrate the workings of the model, not necessarily to provide critical tests of the model vis-b-vis other models (Adelson and Bergen, 1985; van Santen and Sperling, 1984; Watson and Ahumada, 1985) . *Presented at the symposium on stroboscopic motion at The American Psychological Association, Annual Convention, Toronto, September, 1984. †To whom correspondence should be addressed.
THE MODEL* Spatio-temporal weighting function As a first step, consider the spatio-temporal weighting function of the basic element in the model, the motion sensor. The weighting function represents the influences, over time, that different regions of the retina (visual field) have on a given motion sensor. The function is depicted in Figs 1 and 2 . Spatially (Fig. 1) , the weighting function is comprised of two parts: an excitatory part described by the positive weights (arbitrary units) on the curve above the abscissa and an inhibitory part described by the negative weights on the curve below the abscissa. Both curves are Figure 1 . Excitatory and inhibitory spatial weighting functions for a directional motion sensor. The abscissa represents distance across the retina (visual field); the ordinate, the magnitude of the influence (arbitrary units) which a receptor in a given location on the retina (visual field) has on the motion sensor. Figure 2 . Excitatory and inhibitory temporal weighting functions for a directional motion sensor. The abscissa represents time, increasing from left to right; the ordinate, the magnitude of the influence (arbitrary units) of a receptor on the motion sensor at a given point in time after stimulation of the receptor.
* The model and simulations described in this paper are elaborations and extensions of earlier work summarized in the PhD dissertation of Hicks (1981) .
